
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, June 1989, p. 1519-1522 Vol. 55, No. 6
0099-2240/89/0615 !9-04502.00/0
Copyright © 1989, American Society for Microbiology

Effect of Disinfection of Drinking Water with Ozone or Chlorine
Dioxide on Survival of Cryptosporidiurn parvurn Oocysts

JOHAN E. PEETERS,l* ELVIRA ARES MAZi~S,-" WILLY J. MASSCHELEIN,"~
ISABEL VILLACORTA MARTINEZ DE MATURANA,-" AND EMILE DEBACKER~

National Institute of VeterinatTy Research, Groeselenberg 99,t and Laboratory of the Brussels" lntercommunal
Waterboard,3 B-1180 Brussels, Belgittm, attd Cdttedra de Parasitolog[a. Facultad de Farmacia, Universidad de Santiago

de Compostela, E-15706 Santiago, La Corttlia, Spain’-

Received 23 January 1989/Accepted 28 March 1989

Demineralized water was seeded with controlled numbers of oocysts of Cryptosporidium parvum purified from
fresh calf feces and subjected to different treatments with ozone or chlorine dioxide. The disinfectants were
neutralized by sodium thiosulfate, and neonatal mice were inoculated intragastrically and sacrificed 7 days
later for enumeration of oocyst production. Preliminary trials indicated that a minimum infection level of 1,000
oocysts (0.l-ml inoeulum) per mouse was necessary to induce 100% infection. Treatment of water containing
10~ oocysts per ml with 1.11 mg of ozone per liter (concentration at time zero [Co]) for 6 min totally eliminated
the infectivity of the ooeysts for neonatal mice. A level of 2.27 mg of ozone per liter (Co) was necessary to
inactivate water containing 5 x 105 oocysts per ml within 8 min. Also, 0.4 mg of chlorine dioxide per liter (Co)
significantly reduced infectivity within 15 min of contact, although some oocysts remained viable.

Cryptosporidium parvum is a protozoan belonging to theand wood shavings for bedding and received a commercial
class Sporozoasida, which infects primarily the small intes-all-mash pelleted feed (AO3; Usine d’Alimentation Ra-
tines of most mammalian species. The parasite is a commontionnelle, Villemoisson, France) and water ad libitum.
etiologic agent associated with diarrhea in neonatal calves Purification ofoocysts. Two-to three-week-old calves from
(26). Infected animals excrete large numbers of oocysts (11,a large fattening plant were screened individually for excre-
12, 22), which may soil drinking water resources (24Ltion of C. parvum oocysts by carbol fuchsin stain (9). Fresh
Surface water running through cattle pastures was shown tofecal material was collected by rectal sampling of calves
contain up to 6 x 103 oocysts per liter (15). excreting large numbers of C. parvum. The material was

The first documented cases of human cryptosporidiosissuspended immediately 1:1 in cold 5% (wt/vol) aqueous
were reported in 1976 (19, 20), but relatively few werepotassium dichromate solution and stored at 4°C until purl-
subsequently diagnosed until cryptosporidiosis was reportedfication within 48 h. All purification steps were done at 4°C.
to be a life-threatening disease in patients with acquiredFeces were washed through sieves (Endocotts Ltd., Lon-
immune deficiency syndrome (8, 14, 23). Now cryptosporid-don, England) with meshes of 150 and 45 ~m, respectively,
iosis is accepted as a common cause of acute, self-limitingand the resulting fluid was centrifuged at 500 x g for 5 rain.
diarrheal disease in immunocompetent hosts worldwide (7).The sediment was suspended in 20 ml of water and 20 ml of
Fecal-oral spread among humans and animals and ingestiondiethyl ether after three washings with distilled water. The
of contaminated water appear to be the principal modes oftube was then shaken in an inverted position for 30 s with a
transmission (5, 10, 24). Heidolph shaking device. Subsequently, the suspension was

The fact that surface and ground water may be contam-spun down at 500 x g for 10 min and the top three layersinated by cryptosporidial oocysts and the lack of effectivewere decanted. This step was repeated until the sedimenttreatment (7) stress the importance of techniques to clearwas free of lipids. After further washing at 500 x g for 5 rain,drinking water of this parasite. Oocysts of Cryptosporidiumthe sediment was suspended in distilled water. One-milliliterspp. may remain viable in aqueous suspensions for up to 12samples of the resulting suspension were then passaged on a
months at 4°C (4). Few commercial disinfectants have beendiscontinuous Percoll (Pharmacia Fine Chemicals, Uppsala,found to be effective in penetrating oocysts of the parasite (1,Sweden) gradient constituted of four 2.5-ml layers with2, 21), and neither the usual chlorination of drinking waterdensities of 1.13, 1.09, 1.05, and 1.01 g/ml and centrifuged atnor normal water filtration systems remove oocysts effec-650 x g for 15 min. The band containing purified oocysts was
tively (10). Because ozone and chlorine dioxide have beenthen removed, washed twice at 500 x g for 5 min, andused as alternatives to hypochlorite to disinfect water, wesuspended in distilled water. The number of oocysts presentdecided to study the possible influence of these disinfectantsin 1 mm~ of suspension was counted in a modified Neubauer
on the viability of cryptosporidial oocysts in drinking water, hemacytometer after 0.2 ml of suspension was mixed with

MATERIALS AND METHODS 0.8 ml of malachite green (malachite green, 0.16 g; sodium
dodecyl sulfate, 0.1 g; distilled water, 100 ml). The suspen-

Animals and husbandry. A total of 39 coccidium-freesion was then diluted to the desired concentrations. The total
litters of Swiss OF1 mice maintained with the dams inorganic carbon content of the suspension was determined
separate litters were used during the experiments. All ani-with a Technicon AutoAnalyzer II by industrial method
reals were kept at 23°C in plastic cages (North Kent Plastic451-76W.
Cages Ltd., Dartford, Kent, England) with wire mesh topsHomogenization procedure. The effects of different homog-

enization methods on the recovery of oocysts were evalu-
* Corresponding author, ated. Therefore, 8 x 10s oocysts were mixed with the guts of

1519

C--032761
(3-032761



1520 PEETERS ET AL. APPL. ENVIRON. MICROBIOL. VOL. "

2-day-old mice in 5 ml of phosphate-buffered saline. Intes-used are listed in Table 1. At the end of exposure, the
tines were minced with a pair of scissors, followed byremaining O.~ or CIO2 was neutralized by adding 0.03 ml of a
repeated passage of the mixture through 18- and 19-gauge0.1 N solution of Na2S203 (Tritrisol 9950; E. Merck AG,
needles, or they were subjected to ultrasonication, or theyDarmstadt, Federal Republic of Germany). Subsequent lit-E~t ,.
were homogenized by Ultra-Turrax (Janke & Kunkel KG,ters of neonatal mice were inoculated with 0.1 ml of exposed
Staufen, Federal Republic of Germany) (three times for 10 sor nonexposed suspensions. At 7 days p.i., mice were
each time). Passage through 18- and 19-gauge needles did notsacrificed for oocyst counts.
result in destruction of intestinal villi sufficient to remove Statistics. Mean oocyst output was tested by the nonpara-
most oocysts. Ultrasonication disrupted villi but resulted inmetric Wilcoxon Mann-Whitney U test, whereas the num-
loss of ca. 38% of the oocysts and indentation of the walls ofbers of infected mice were analyzed by the ×2 test (25).
others. Homogenization resulted in loss of up to 41% of the
oocysts but was adopted for the studies described below RESULTSbecause the oocysts appeared microscopically normal.

Ozonization procedure. Ozone was generated in an Ozon-Experiment 1. Experimental infection of suckling mice
lab CFD device (Chemie und Filter GmbH, Heidelberg,with different numbers of oocysts resulted in detectable
Federal Republic of Germany) and bubbled through demin-infection only after gavage of 103 or more oocysts. The
eralized water (MillioQ; specific resistance, 10 Mft/cm; Mil-highest oocyst numbers were detected at 7 days p.i., when
lipore Corp., Bedford, Mass.) for 30 min. The concentration100% of the mice were found to be infected. At 6 days p.i., 3
of 03 was determined iodometrically. Ten milliliters of a4 of 7 mice inoculated with 104 oocysts were positive, and
buffered potassium iodide solution (20 g of KI, 13.6 g ofonly 4 of 12 mice inoculated with 103 oocysts were positive
KH2PO4, and 14.2 g of Na2HPO4 made up to 1 liter) wasat 8 days p.i. Therefore, all suckling mice were sacrificed at
placed in a volumetric flask and brought to 250 ml with the7 days p.i. in subsequent experiments.
ozonized water sample. Titration was started with 0.005 NExperiments 2 to 5. During the first minute during which
Na2SzO3 and ended with 2 ml of 5 N HzSO4. After iodome-the oocyst suspensions were exposed to ozone, the ozone
try, 14.4 ml of ozonized water was mixed with 1.6 ml ofconcentration dropped by 12 to 26%, depending on the
oocyst suspension in a quartz spectrophotometric cell. Atoocyst suspensions. During the next 5 to 7 rain, another drop
1-min intervals during exposure of the oocysts, the remain-of 8 to 33% was observed. As for chlorine dioxide, a 43%
ing O.~ was evaluated by measuring the UV absorption of the~ drop was established during the first minute of contact. The
solution at 254 nm in a Perkin-Elmer hl spectrophotometer,different initial and endpoint concentrations of ozone and

Production of chlorine dioxide, Chlorine dioxide was gen-chlorine dioxide are listed in Table 2, as are the total organic
erated by reaction of diluted sodium chlorite (1 g of NaC10_,C values of the concentrated oocyst suspensions before
per liter) in bidistilled water with acetic anhydride, astreatment.
described previously (17). The stock solution, containing Both ozone and chlorine dioxide reduced the infection
approximately 50 mg of CIOz per liter, was titrated iodome-ratio of C. parvum oocysts considerably (P < 0.05). The
trically first in a neutral environment and then in an acideffects of different exposure periods and treatments on the
environment as described previously (18a). Subsequently, ainfectivity of C. parvttm oocysts are shown in Table 1. The
working solution was prepared by diluting the stock solutiondata of experiment 2 show that the effect depended on the
immediately before adding oocysts. CIO_, concentrationsnumber of oocysts present. Addition of 2.25 mg of O, per
before, during, and after treatment were determined spec-liter to water containing 104 oocysts per ml resulted in
trophotometrically with acid chrome violet at 548 nm in ainfection of only 1 of 9 mice after 2 min of contact, whereas
Perkin-Elmer hl spectrophotometer (16). similar treatment of water containing 5 × 10~ oocysts per ml

Experimentallnfection and enumeration of oocysts. Two-towas not able to prevent infection (experiments 2 and 3).
six-day-old neonatal mice were inoculated intragastricallyAfter longer contact periods, only ozone was capable of
with 0.l-ml oocyst suspensions by using a 16-mm-longrendering contaminated water noninfectious to mice. A -
26-gauge needle fitted with plastic tubing. At 7 days postin-concentration of 1.1 mg/liter for 6 min was sufficient to
fection (p.i.), the mice were sacrificed. The total small anddisinfect water containing 104 oocysts per ml (experiment 4),
large intestines were recovered in 5 ml of cold phosphate-and 2.25 mg/liter for 8 min served to disinfect water contain-
buffered saline containing 1.0 mg of streptomycin per ml anding 5 × 10~ oocysts per ml (experiments 2 and 3). Chlorine
1.0 x l03 IU of penicillin per ml and stored at 4°C for adioxide reduced the infectivity of contaminated water con-
maximum of 48 h. The total oocyst contents of the intestinesiderably, but some oocysts remained viable after 30 min of .c
were evaluated after the guts were homogenized with ancontact (experiment 5). s,
Ultra-Turrax (three times for 10 s each time). Subsequently, ,c
the number of oocysts present was counted in a hemacytom- DISCUSSION
eter as described above. The sediment of negative samples c
was reexamined by carbol fuchsin staining following centrif- Cryptosporidiosis affects a wide range of mammals, birds,
ugation, fish, and reptiles. In contrast to other coccidia, C. parl’ltm

Experimental design. (i) Experiment I. Five litters oflacks host specificity and animal strains may infect humans
neonatal mice were inoculated with 0, 10, 10-’, 103, or 10~ C.as well. Infected animals excrete large numbers of oocysts, ~.~
parl’um oocysts, respectively. The same protocol was re-which soil drinking water resources. In the United States,
peated with another group of five litters. At 6 to 9 days p.i.,about 15,000 human cases have been attributed to consumP" Yl
all mice were sacrificed for oocyst counts, tion of contaminated drinking water (13). The presence of si

(ii) Experiments 2 to 5. Oocyst suspensions containing 10oocysts was also shown in a drinking water reservoir which i
times the desired end concentrations were mixed in a pro-caused an outbreak in 104 human patients in England (24). o~
portion of 1:10 with demineralized water containing 03 orImportant to the understanding of why a small number of - " ~o
CIO... The different oocyst concentrations, the O~ or CIO_.oocysts can cause severe infections in humans are some tr
dosages at the start of exposure, and the exposure timesparticular aspects of the life cycle of cryptosporidi~ which in
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TABLE 1. Oocyst production in neonatal mice inoculated with different numbers of C. parvum oocysts exposed
or not exposed to ozone or chlorine dioxide

Treatment and Mean -+- SEM
% Reduction ofNo. of Exposure time No. of positive Iogtt~ oocystExpt no. oocysts/ml (dosage [mg/literl train) mice/total" oocyst production

at time zero) production"

2 1 x 104 Ozone (2.25) 0 6/7, a 5.23 +- 1.35, a 0
2 1/9. b <4, b >98
8 0/8. b 0, b 10~

1 x 10~ Ozone (2.25) 0 4/5, a 5.20 +-- 1.50, a 0
2 3/5, ac 4.11 --- 1.25, b 81
8 1/7, bc <4, b >99

5 x 10~ Ozone (2.25) 0 5/5, a 6.52 -+ 0.10, a 0
2 4/4, a 4.67 -+ 0.85. b 93
8 0/7, b 0, c 100

3 5 x 10~ None 8/8, a 6.82 --- 0.16, a 0

Ozone (0.59) 2 7/8, a 5.10 - 1.44, b 75
5 3/8, b <4, c >99
8 6/10, b 4.42 --- 1.31, c 96

Ozone (1.06) 2 13/13, a 6.20 +-- 0.35, b 72
5 3/4, a 4.48 -+- 1.02, c 99
8 5/9, b 4.17 --- 1.27, c 95

Ozone (2.27) 2 7/7, a 5.40 -+ 1.06, b 86
5 2/10, bc <4, c 99
8 0/4, c 0, c 100

4 1 x 10’~ None 7/7, a 5.82 +-- 0.67, a 0

Ozone (1.11) 2 4/9, b <4, bc 92
4 2/6, bd <4, bc 99
6 0/7, cd 0, b 100

Chlorine dioxide (0.311 8 5/9, b 4.11 - 1.13, c 88
16 ’~ 6/11, b <4, c 97

5 1 x 104 Chlorine dioxide (0.43) 0 13/13, a 6.35 +-- 0.58, a 0
5 13/13, a 5.58 --- 1.04, a 48.6

15 4/11 ,b <4,b 93.5
30 4/13,b <4,b 94.3

Means or numbers followed by different lowercase letters are significantly different (P < 0.05).

differs from that of most other mammalian and avian coc-The results of the above-described experiments indicate
cidia by two important features (3). (i) Cryptosporidiumthat both ozone and chlorine dioxide constitute a means of
oocysts sporulate within the host and thus are infective whendisinfecting drinking water from Cryptosporidium oocysts.
passed into the feces. Besides, about 20% of cryptosporidialDuring our trials, a minimum infection level of 104 oocysts
oocysts are thin walled, which allows sporozoites to beper ml was used. This was necessary because the prelimi-
released endogenously and to reinitiate a new developmentnary data from trial 1 indicated that a minimum of 103
cycle. (ii) First-generation meronts do not always immedi-oocysts (0.1-ml inoculum) was required to establish infection
ately generate second-generation meronts but may recyclein all of the mice inoculated. This is similar to the findings of
and cause autoinfection. Both of these features explain whyErnest et al. (6), who also found a 100% infectious dose of
a small number of oocysts can cause severe infection and500 to 1,000 oocysts. This level is a factor of 1,000 higher
why it is necessary to clear drinking water of viable Crypto-than the levels detected in surface waters (15).
sporidium oocysts. Moreover, no effective treatment for Several water-supplying companies use ozone and chlo-
cryptosporidiosis exists (7) and until now, few commercialrine dioxide to disinfect water. They maintain a minimal
disinfectants, such as 10% formot or 5% ammonia, were ableresidual ozone concentration of 0.4 mg of O3 per liter for 6
to inactivate oocysts of Cryptosporidium spp. (1, 2, 21). min by injecting 1.5 to 4 mg of 03 per liter of water. This is
Normal chlorination levels in drinking water have beensimilar to our experimental conditions and is sufficient to
shown to be ineffective, even after 18 h of contact. Only sanddisinfect water containing less than 104 oocysts per ml. The
filtration may reduce oocyst concentrations, but it does notoperating costs range from 20 to 25 Wh/g of 03. Chlorine
eliminate them completely (15). dioxide is applied for postdisinfection of drinking water and
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TABLE 2. Total organic carbon contents of oocyst suspensions 1983. Human cryptosporidiosis in the acquired immune deft-
and initial and end concentrations of disinfectants used ciency syndrome. Arch. Pathol. Lab. Med. 107:562-566.

9o Heine, J. 1982. Eine einfache Nachweismethode for
Total Maximal Disinfectant Kryptosporidien im Kot. Zentralbl. Veterinaermed. Reihe B

Expt organic C conch 29:324-327.of oocyst Treatment exposure tmg/liter)no. suspension time 10. lsaac-Renton, J. L., D. Fogel, H. H. Stibbs, and J. E. Onngerth.
(mg/liter)" train) Start End 1987. Giardia and Cryptosporidium in drinking water. Lancet

i:973-974.
2 3.5 Ozone 8 2.25 1.80 11. Jungmann, R., and T. Hiepe. 1983. Occurrence and diagnosis of
3 14.5 Ozone 8 0.59 0.24 cryptosporidiosis in newborn calves. Monatsh. Veterinaermed.

8 1.06 0.51 38:299-300.
8 2.27 1.49 12. Leek, R. G., and R. Fayer. 1984. Prevalence of Cryptosporidiltln

4 1.5 Ozone 6 1.11 0.77 infections and their relation to diarrhea in calves on 12 dairy
Chlorine dioxide 16 0.31 0.07 farms in Maryland. Proc. Helminthol. Soc. Wash. 51:360-361.

5 2.0 Chlorine dioxide 30 0.43 0.22 13. Logsdon, G. S., D. Juranek, L. Mason, J. E. Ongerth, J. B. Rose,
C. R. Sterling, and B. L. P. Ungar. 1988. Roundtable crypto-

" Before dilution of the suspensions 1 to 10 in the respective disinfectants, sporidium..I. Am. Water Works Assoc. 80:14-27.
14. Ma, P., and R. Soave. 1983. Three-step stool examination for

cryptosporidiosis in 10 homosexual men with protracted watery
maintenance of an active residual oxidant in the water diarrhea..I. Infect. Dis. 147:824--828.
distribution system (18b). The operating costs of CIO~ gen-15. Madore, M. S., J. B. Rose, C. P. Gerba, M. J. Arrowood, and
eration range from 0.3 to 0.6 U.S. cents per gram. In C.R. Sterling. 1987. Occurrence ofCryptosporidium oocysts in
Belgium, the residual concentration of CIO2 allowed is 0.25 sewage effluents and selected surface waters. J. Para~itol.
rag/liter, and in the Federal Republic of Germany it is 0.20 73:702-705.
mg/liter while the United States recommends a limit of 116. Masschelein, W. J. 1966. Spectrophotometric determination of

chlorine dioxide with acid chrome violet K. Anal. Chem.rag/liter for chlorine dioxide, chlorite, and chlorate together.
Since treatment of drinking water with chlorine dioxide 38:1839-1841.

17. Masschelein, W. J. 1967. Preparation of pure chlorine dioxide. 1permits an active residual concentration for several hours, it & EC Procl. Res. Dev. 6:137-142.
seems reasonable to assume that the product might kill all18. Masschelein, W. J. 1984. Experience with chlorine dioxide in
oocysts ofC. parvum present in slightly contaminated water. Brussels. 1. Generation of chlorine dioxide. J. Am. Water
This should be confirmed by further experiments. ,, Works A~soc. 76:70-76.

18a.Masschelein, W. J. 1984. Experience with chlorine dioxide in
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depth of 90 cm. We then averaged thesewith normal winter rainfall, soil salinityresults in a maximum value o( 1.9 dS/nl
~omposite values to establish the meanis about 8 times greater than the salinity(about 1,200 ppm) for the salinity of the.
soil water electrical conductivity, of the irrigation water. As the salinity ofirrigation water without yield loss un-

Differences among data for the threethe irrigation water increases, however,der normal conditions. With subirriga-
years were larger than differences be-the factor 8 becomes substantiallytion and below-normal rainfall as in
tween irrigation methods. This wassmaller. At the soil water salinity1981, the maximum salinity of the irri-
caused, in large part, by differences inthreshold for corn grain (3.7 dS/m), thegation water without yield loss would
rainfall and management of the waterfactor is 2.3 for subirrigation, whichbe 0.8 dS/m (about 500 ppm).
table depth during the winter. Soil sa-
linity early in the growing season was
significantly lower than later in the sea-
son.

Of paramount concern in the organic
soils of the Delta is the change in the
relation between salinity of irrigation
water and of soil water as irrigation
water salinity increases. For 1981, the
year when irrigation water salinity had
the greatest influence on soil water sa-
linity, the rate of change was 0.94 for
subirrigation (fig. 3), and 0.95 for sprin-
kled treatments (not shown). Thus, the
relation between soil water and irriga-
tion water salinity was less than 1:1 for
every year of the study and for both
irrigation methods. In other words, in-
creasing the salinity of irrigation water
above 0.2 dS/m (about 130 ppm) should~s a followup to the field test of saltpot. Four corn cultivars were planted in
only increase average soil salinity in thetolerance of corn, we attempted to de-each of four separate trials. Nine culti-
root zone by a like amount if wintertermine in greenhouse studies the saltvars -- seven field corn and two sweet
rainfall is normal (about 400 mm) andsensitivity of corn at various growth corn -- were tested. Pioneer 3780 was
irrigation, leaching, and groundwaterstages. If corn is more sensitive duringgrown in each trial as a benchmark
control practices are similar to those forone stage than another, the salinity ofcultivar. At one, two, and three weeks
the subirrigated treatments of the fieldthe irrigation water could be regulatedafter planting, we harvested plants
experiment. From the relationship giv-during the season to minimize salt in-measure dry matter production.
en in figure 3 for the combined subirri-jury during the more sensitive stage. In the experiment on increasing salin-
gation data, the electrical conductivityStandards are needed, particularly dur-ity during the growing season, Bonanza.
of the irrigation water that accompanieding droughts and during the later part ofa sweet corn cultivar, was grown in the
the threshold value of soil water salinitythe growing season when the water sup-same pots used in the preceding expert-
for corn grain (3.7 dS/m) would be 1.9ply may be limited, ment. The experiment consisted of 18
dS/m. For below-normal rainfall as inThe objectives of this study were to treaments, each replicated four times
1981, electrical conductivity of irriga-determine: (1) the sensitivity of corn towith four pots per replication. The same
tion water at the threshold value forsoil salinity during germination, emer-six saline waters were also used in this
grain would be 0.8 dS/m. gence, and seedling growth stages andexperiment.

In an environmental impact report on(2) how rapidly and to what extent the The first six treatments were irrigated
the Delta by the State Water Resourcessalinity of the irrigation water can bethroughout the experiment without
Control Board in 1978, average soil wa-increased during the cropping seasonchanging the salinity of the irrigation
ter salinity was reported to be aboutwithout decreasing yield, water during the season, as is typical of
eight times greater than the salinity of a salt tolerance trial. The remaining 12
the irrigation water in a number ofF:xperimer~ta[ procedures treatments Were designed to determine
fields in the Delta where irrigation wa- We measured germination in coveredthe maximum salinity in the root zone
ter salinity probably averaged 0.3 dS/m.9 x 9 cm germination dishes containingthat corn could tolerate at three growth
Thus, the expected average soil water20 corn seeds buried to a depth of 1 cmstages during the season without a loss
salinity based on the earlier reportin presalinized organic soil. Sixteen cul-in yield. The salinity of the irrigation
would be just over 2 dS/m, which istivars were tested at eight levels of soilwater in these treatments was increased
essentially the average value we foundsalinity with four replications. Germi-by different amounts after 30 or 60 days.
in this field trial when irrigation waternation dishes were kept in the dark at aThe three 30-day periods represent the
salinity was 0.2 dS/m (fig. 3). Based onconstant temperature of 22°C. Germina-vegetative, tasseling, and grain-filling
the results of the field trial, however,tion counts were made daily over astages during the growing season.
the ratio is not constant; the factor de-period of two weeks.
creases as irrigation water salinity in- In the emergence and seedlingexperi-Results
creases, ment, corn was grown in the green- Germination tests in salinized organic

house in 55-liter plastic pots filled withsoil indicated that corn is much more
Summa~ Rindge muck topsoil obtained from neartolerant during germination that at the

In these studies, we found that above-Terminous, California. Treatments con-seedling stage. Some cultivars appeared
average rainfall and maintaining thesisted of six irrigation waters havingmore tolerant during germination than
water table about 1 meter below theelectrical conductivities of 0.2, 1, 3, 5, 7,others. For example, seven days after
surface effectively leached the upperand 9 dS/m, with each replicated 12planting, germination of Pioneer 3369A,
soil profile. Under present conditions oftimes. Each replication contained fourFunk G4141 and Northrup King PX32,
low salinity in the irrigation water andpots with a different cultivar in each was reduced significantly at soil water
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salinities above 8 dS/m, but severalThe effects of increasing salinity dur-gence of nine corn cultivars was de-
other cultivars germinated as well at 15ing either tasseling or grain-fillinglayed by increasing soil salinity, but the
dS/m as in nonsaline soil (fig. 1). stages of growth were compared withfinal emergence percentage after six

In the emergence and seedling trials,salinity treatments that were un-days was unaffected by soil water salin-
increasing the salt concentration of irri-changed throughout the season. Salihityity up to 9.3 dS/m.
gation water up to an electrical conduc-in the irrigation water significantly af- Seedling growth, on the other hand, is
tivity of 9 dS/m delayed emergence butfected grain and stover yield when in-sensitive to soil salinity. Shoot growth
did not affect the emergence percentagecreased above 5 dS/m at all three stagesduring the first three weeks was re-
at six days after planting. The averageof growth, but not when increased onlyduced approximately 5 percent for each
soil water salinity in the seedling rootduring the tasseling and grain-fillingunit increase in soil water salinity
zone was about 0.3 dS/m higher thanstages (fig. 2). Even 9 dS/m irrigationabove 0.7 dS/m (about 450 ppm).
irrigation water salinity. These resultswater did not reduce yield significantly Salt tolerance during later stages of
confirm the germination data obtainedwhen applied after 30 days of growth,growth was much higher than during
in petri dishes. Where salinity was the same during allthe seedling stage. Salt tolerance re-

Seedling growth during the first threethree stages, grain yield decreasedsponse curves for Bonanza, a sweet corn
weeks was much more sensitive to sa-about 10 percent per unit increase incultivar, showed that fresh ear yields
linity than was germination. Dry mattersoil water salinity above a threshold ofdecreased 10 percent per unit increase
production of the nine cultivars when5.5 dS/m. in average soil water salinity above 5.5
irrigated with 9 dS/m water averaged dS/m (about 3,500 ppm). These data
between 44 and 59 percent of those ofCoil¢[usion indicate that the salt tolerance of sweet
the controls (see table}. The average The results of this study agree withcorn in the greenhouse was greater than
threshold soil water salinity for seedlingthose of other investigators, which indi-that of field corn grown in the field.
growth (the maximum salinity withoutcate that corn is most sensitive during Increasing the salinity of the irriga-
growth reduction} was 0.7. dS/m, butthe vegetative growth stage. Althoughtion water to 9 dS/m at the tasseling and
there were differences among cultivars,salinity delays germination, corn is mostgrain-filling stages did not significantly
In this experiment, this thresholdtolerant, at that stage of growth. Of 16decrease grain yield below that ob-
would have been reached with 0.4 dS/cultivars tested, all but three germinat-tained where salinity was constant
m irrigation water, which is well belowed within seven days at soil water salin-throughout the growing season. If water
that reported for grain production. Forities up to 10 dS/m {about 6,400 ppm}of acceptable quality is used during
each dS/m increase in salinity aboveand seven germinated as well at 15 dS/vegetative growth, poorer quality water
the threshold, growth decreased 4.9 per-m (about~ 9,600 ppm} as in the nonsalinecan be used during and after tasseling
cent in all cultivars, soils. In separate pot experiments, emer-without reducing yields. [3

Soil water salinity (dS/m)
0 4 8     12     16     20

~ Funk G4141, Pioneer 3369A, Northrup King PX32
Pioneer 3780

DeKalb XL35, XL16, XL75, Funk G4404
DeKalb XL74, XL21A, Pioneer 3541        ’~

Northrup King PX20, PX74, Trojan TXS 113
~ioneer 3785. Funk G4507

Fig. 1. Some corn cultivars were more salt-tolerant than others during germination, but for all,
soil salinity had toexceed 7 dS/m before germination was reduced.

Influence of irrigation water salinity on shoot growth of nine
corn cultivars 21 days after planting

Relative dry matter production at
Control following soil water salinities (dS/m)

dry matter
Cultivar production 1 3 5 7 9

g/plant ........ % of control .........
400 ~ Pioneer 3780* 0.71 100 ’ 93 81 74 57

~_ Pioneer 39061. 0.72 91 89 79 69 54
~ Pioneer 35411 0.62 93 92 80 71 59

OeKalb XL751" ¯ 0.70 92 92 79 69 59
Northrup King PX20I 0.82 92 88 74 71 51
Northrup King PX74:I: 0.68 99 89 76 63 55

~5 Funk G4507-~ 0.76 87 82 70 57 44
.E Bantam Golden Cross~: 0.56 117 103 75 79 57
.-~ Bonanza:l: 0.40 108 99 92 83 56

200 ~
~ ° Treatment means averaged over four trials.
~ 1" Treatment means averaged over two trials.
t~. ~ Treatment means for one trial.

- 100

0
Fig. 2. Grain and stover yields dropped when irrigation water salinity
exceeded 5 dS/m at the vegetative stage of growth, but during the tasseling
and grain-filling stages, salinity could exceed 5 dS/m without further reduction.
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